The major function of the immune system is to protect the host from environmental agents such as microbes or chemicals, thereby preserving the integrity of the body. This is done by the recognition of self and response to non-self. The immune response has been artificially divided into innate immunity (resistance) and specific immunity. Specific immunity is further divided into humoral immunity, the one involved with antibody, and cellular immunity, which is orchestrated by T cells. It is essential to understand that although these divisions have helped in understanding and analyzing the immune response, the system functions as a single unit rather than as a separate entity. In this paper, a simplified analysis of specific immunity will be given. However, !he importance of nonspecific immunity, especially as it pertains to its role in prevenling exposure of environmental substances, should not be forgotten.
INTRODUCTION
Strticture. The primary lymphoid structures (also called central lymphoid organs) are the bone marrow, the thymus, and, in birds, the Bursa of Fabricius. The thymus is a lobulated organ that is found in the anterior part of the thorax, at the base of the heart. In some animals, such as birds, this gland may extend up through the thoracic inlet. The function of the thymus is to provide an appropriate microenvironment for the maturation of small lymphocytes to become T lymphocytes, the cells involved in cellular immunity. The maturation process has not been clearly characterized, although thymic hormones, two of which are thymopoietin and thymosin, and thymic nurse cells, a specialized population of epithelial cells, appear to be involved in maturation steps within the thymus (12) .
. The Bursa of Fabricius appears to have an analogous function for the education of cells to become mature, antibody-producing "B cells." There is also a bursa1 hormone called Bursin involved in the process (1, 11) . It is unknown what organs may be analogous to the bursa in mammals, but the best guess is that the maturation microenvironment is in the bone marrow.
The secondary lymphoid structures are also called peripheral lymphoid organs. They include the spleen, lymph nodes, tonsils, Peyer's patches and diffuse * Presented at the Fifth International Symposium ofthe Society of Toxicologic Pathologists: "The Immune System-Toxicology/ Pathology," May 18-21, 1986, Chicago, Illinois. lymphoid aggregates in mucous membranes. In lymph nodes, T cells are found in the paracortical area and B cells are present in the primary and secondary lymphoid follicles. Spleen and tonsillar tissue also have areas of T and B cell segregation. One significance of this is that in the situation where there is selective T cell deficiency, it is possible to see a marked depletion of T cell areas in secondary lymphoid organs.
CELLS OF THE IMMUNE SYSTEM
All of the white blood cell elements are involved in immune reactions. B and T cells, however, impart specificity to the immune response, whereas the other white blood cell elements are involved in nonspecific and/or effector mechanisms of specific immunity. This review will focus on B and T cell immunity. Pivotal to the activation of B and T cells is the antigen presenting cell (APC). The general features of the APC are that it has a class I1 antigen and that it can bind and present antigen to lymphocytes.
Class I1 antigens are major histocompatibility complex (MHC) encoded surface proteins that are involved in lymphocyte activation by a cross bridging between the MHC expression product and a lymphocyte class I1 receptor. The predominant APCs are macrophages, which are involved in the induction of immunity in three ways: (1) These cells bind, engulf and process antigen. Recently, it has been shown that processing of antigen involves partial degradation and reexpression of the antigen on the macrophage surface. (2) They produce a soluble lymphokine called interleukin-1 (IL-1) (4); and (3) APCs interact with B and T cells via an antigen bridge as well as the class I1 surface antigen interaction (5, 7, 8, 10, 15) .
The activation of T and B cells initiates a complex cascade in which the final process is effector functions in T cells (3, 10, 14) and antibody synthesis in B cells. T cells, after activation, differentiate into T cytotoxic cells or T helper cells. T helper cells, and to a lesser extent T cytotoxic cells, produce a variety of lymphokines, including interleukin-2 (IL-2) (which is also called T cell growth factor), interferon, chemotactic and activating factors for a variety of white blood cells, and B cell growth and differentiation factors (6, 9, 14) . These lymphokines are responsible for the activation of B cells to produce antibody of varying isotypes and for the activation of other T helper and T cytotoxic cells. They are also involved in the recruitment of other white blood cells for active inflammation and delayed type hypersensitivity. As might be expected, the entire process of T cell-B cell-macrophage interaction is a dynamic process involving a variety of soluble substances and surface expressed molecules (6) . These interactions occur at a very close range, which is probably in part necessary as a control mechanism.
In a simplistic model, the steps involved in the process of lymphocyte activation are as follows: Macrophages process antigen and present the antigen to B and T cells; binding between these cells is through a foreign antigen and its corresponding receptor as well as self-determinant recognition. A lymphokine, interleukin-1 , is released from macrophages. Interleukin-1 activates T cells so that they will produce interleukin-2 and express increased numbers of interleukin-2 receptors. There is also evidence that interleukin-1 causes macrophage activation, and has a variety of effects on other organs and cells in the body (4).
T cells that have now become activated via this interaction with macrophages and interleukin-1 produce a variety of lymphokines and soluble factors. Through these soluble factors, and through interaction with antigen, the T lymphocytes stimulate other T lymphocytes as well as B lymphocytes. Some of the soluble factors also play a critical role in the activation of other white blood cells, including macrophages (6) . The activated T cells differentiate into .effector cells in which they either have cellular cytotoxic capabilities or have primarily lymphokine producer function (T helper cells). B cells, following interaction with T cells and macrophages, will differentiate into antibody producing cells and secrete antigen specific immunoglobulins of either the M y G, E or A class (10) in mammals.
These differ from one another in structural (size, charge, amino acid composition and carbohydrate content) and functional aspects (avidity, half live). Each class is very heterogeneous and can be divided into isotypes, allotypes and idiotypes (1 3). The end product of the activation of these cells is the establishment of T cells, that can either function as cytotoxic cells or recruit other white blood cells for active inflammation, and B cells, which produce antibody. This protein functions as an antigen binding molecule either at local sites or systemically.
F U N~I O N
The function of the specific immune response is aimed at an active removal of foreign antigen. In the case of cellular immunity, T-helper effector cells function in the active recruitment of cells, such as macrophages, which phagocytize and remove foreign substances. Cytotoxic cells will bind foreign antigen bearing cells and kill them. This is especially advantageous in the case of replicating agents, such as viruses, because it can limit the spread of the virus. The function of B cells is to produce antibody, which binds antigen and facilitates its removal from the body. An antibody/antigen complex can initiate a variety of different processes aimed at antigen elimination, including facilitative phagocytosis, complement activation, antibody dependent dellular cytotoxicity and mast cell degranulation.
The entire process is finely tuned. There are a variety of regulatory mechanisms involved in control of the immune response, including T suppressor cells, anti-idiotypic regulation, and antigen elimination (2) . This regulatory control is critical in avoiding lymphoproliferative disease and immunopathologic sequellae associated with an overreactive immune response. When immune responses result in disease, they are termed "hypersensitivities." The areas of regulation and hypersensitivity will be covered elsewhere. The specific immune system is activated by a complex interaction of cells, foreign antigen and cytokines. The ultimate function of the response is to provide protection from foreign substances. Since there are a variety of important steps and regulators in the immune system, a toxic substance could influence the immune system at any point or at multiple points within the activation steps with the ultimate result being an abnormal immune response.
